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ABSTRACT: An optically active (>98.2% ee) five-membered cyclic silicon compound, (S)-2-(1-naphthyl)-
2-phenyl-5,5-dimethyl-1-oxa-2,5-disilacyclopentane, was synthesized by intramolecular hydrosilylation
of (1S)-1-(1-naphthyl)-1-phenyl-1-vinyl-3,3-dimethyl-3-hydro-1,3-disiloxane in good yield (as high as 74.3%).
This cyclic compound could be easily polymerized by common nucleophilic initiators, such as PhLi, MeONa,
and t-BuOK. The polymerization using the lithium initiator showed a very high regioselectivity in ring
opening (head-to-tail content 98.7% at 0 °C) and consequently afforded an optically active and highly
isotactic poly[{(1S)-1-(1-naphthyl)-1-phenyl-3,3-dimethyldisiloxane-1,3-diyl}ethylene] ([R]25

D ) - 8.5°, Mn

) 20 800 (calculated from 29Si NMR), Mw/Mn ) 1.12 (by SEC)).

Introduction
The increasing interest in recent years in silicon-

containing polymers applicable as electronic and optical
materials, ceramics precursors, etc.,1 has promoted the
development of silicon-containing polymers with a well-
controlled molecular weight and molecular weight dis-
tribution, as well as a well-controlled microstructure.2,3

The ring-opening polymerization (ROP) of cyclic silicon
compounds4 is the most promising method to achieve
the above goals, as is the only practical chain polymer-
ization method available for silicon compounds because
of the nonexistence of stable multiple bonds involving
silicon atoms.5 To date, intense efforts have been focused
on the use of ROP for preparing poly(siloxane)s,6 poly-
(silane)s,2 and poly(carbosilane)s.3 On the other hand,
little attention has been paid to the synthesis of poly-
(carbosiloxane)s from cyclic carbodisiloxanes,7-9 a group
of cyclic compounds represented by the general struc-
ture I (Figure 1).7,10 In as early as 1960, Piccoli first
reported the anionic ROP of methyl- and/or phenyl-
substituted five-membered rings of this type and ob-
tained high molecular weight polymers.7 Lately, more
detailed research on the polymerization of these com-
pounds has shown that this is a very efficient way to
prepare poly(carbosiloxane)s of high molecular weight
(Mn ) ∼130 000) and relatively narrow molecular
weight distribution (Mw/Mn ) 1.28-1.66).8,9

In our previous work,11 the synthesis of an optically
active poly(carbosiloxane), poly[{(1S)-1-(1-naphthyl)-1-
phenyl-3,3-dimethyldisiloxan-1,3-diyl}ethylene] ((S)-3),
via hydrosilylation was reported (Scheme 1). However,
this method suffered some drawbacks, such as the
rather low yield (37.8%) and low molecular weight (Mn
) 2900, polystyrene standard) of the polymer obtained.
Along with the polymer, in the hydrosilylation a con-
siderable amount of the cyclic compound (S)-2-(1-naph-
thyl)-2-phenyl-5,5-dimethyl-1-oxa-2,5-disilacyclopen-
tane ((S)-1) (26.3%) was also formed.

In this paper, we report the reaction conditions for
the high yield formation of (S)-1 and the results of our
investigation of the anionic ROP of this cyclic compound.

Polymerization of (S)-1 using phenyllithium (PhLi) as
an initiator was highly regioselective and afforded a
high molecular weight poly[{(1S)-1-(1-naphthyl)-1-phen-
yl-3,3-dimethyldisiloxane-1,3-diyl}ethylene], with a nar-
row molecular weight distribution, in high yield.

Experimental Section

Analytical Methods. The analytical methods employed are
similar to those in the former report.11

(S)-2-(1-Naphthyl)-2-phenyl-5,5-dimethyl-1-oxa-2,5-dis-
ilacyclopentane ((S)-1) (Scheme 1). In a 300 mL flask were
added 94.0 g of xylene and the platinum-1,3-divinyl-1,1,3,3-
tetramethyl-1,3-disiloxane complex (Pt-DVTMDS)12 (2.3 ×
10-2 mmol of Pt, 2.3 mL of 0.01 M benzene solution) and
heated to 80 °C. Then a (1S)-1-(1-naphthyl)-1-phenyl-1-vinyl-
3,3-dimethyl-3-hydro-1,3-disiloxane11 ((S)-NPVDMDS) solution
(15.7 g, 0.0468 mol, in 47.0 g of xylene) was added dropwise
for 18 h. After another 18 h, the reaction was completed
according to the IR analysis. The SEC analysis of the product
mixture showed that the yield of (S)-1 was 74.3%. Distillation
of the product mixture gave a white waxy solid (S)-1 (8.3 g,
52.9%). The direct mixing of (S)-NPVDMDS, catalyst, and
solvent from the initial stage gave a lower yield (53.1%
estimated by SEC). Calculated molecular weight: 334.57.

MS: m/e 335 (M + 1), 319 (M - Me), 257 (M - Ph), 207 (M
- Np). 1H NMR: δ 0.24 and 0.344 (two s, 3 H, each SiCH3),
0.89-1.05 (m, 2 H, CH2CH2Si(CH3)2), 1.44-1.54 (m, 2 H,
CH2CH2Si(CH3)2), 7.29-8.02 (m, 12 H, Np and Ph). 13C NMR:
δ 0.26 and 0.38 (two SiCH3), 8.49 (CH2CH2Si(CH3)2), 9.32
(CH2CH2Si(CH3)2), 125.24, 125.62, 125.98, 127.98, 128.70,
128.82, 129.95, 130.6, 133.32, 134.15, 134.45, 136.91, 137.03
(Np and Ph carbons). 29Si NMR: δ 4.97 (m, Si(NpPh)), 27.10
(m, Si(CH3)2). IR (neat): 3068-2895, 1252, 914 (υSiOSi) cm-1.
[R]25

D ) -17.5° (c 1.18, 1,4-dioxane). Bp: 121-5 °C/0.09
mmHg. Mp: 74-76 °C.

Figure 1. The general structure of cyclic carbodisiloxanes.
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Racemic 2-(1-naphthyl)-2-phenyl-5,5-dimethyl-1-oxa-2,5-
disilacyclopentane ((rac)-1), a viscous liquid, was prepared
similarly.

(R)-1-(1-Naphthyl)phenylsilyl-2-dimethylsilylethane
((R)-4) (Scheme 1). To a (S)-1 solution (0.79 g, 2.3 mmol,
in 5 mL of diethyl ether) in a 30 mL flask was added 1 M
LiAlH4 in diethyl ether solution (4.6 mL, 4.6 mmol) and heated
to reflux for 4 h. After evaporating the ether, n-hexane was
added, and the mixture was filtered under anhydrous condi-
tions. Removing the solvent gave (R)-4 (0.70 g, 94.9%).
Calculated molecular weight: 320.59. MS: m/e 319 (M - 1),
305 (M - Me), 243 (M - Ph), 193 (M - Np). 1H NMR: δ 0.07
(d, 6 H, Si(CH3)2H, J ) 3.7 Hz), 0.67-0.71 (m, 2 H),
1.24-1.29 (m, 2 H), 3.85 (m, 1 H, Si(CH3)2H), 5.24 (t, 1 H, Si-
(NpPh)H, J ) 3.9 Hz), 7.32-8.06 (m, 12 H, Np and Ph). IR
(neat): ν 3068-2895, 2113 (υSiH), 1506, 1428, 1249 cm-1.

Racemic 1-(1-naphthyl)phenylsilyl-2-dimethylsilylethane
(rac)-4 was prepared in the same way.

1-Hydroxy(1-naphthyl)phenylsilyl-2-dimethylphen-
ylsilylethane (5) (Scheme 2). Phenyllithium (PhLi) (3.17
mmol, 3.37 mL of 0.94 M solution in cyclohexane-diethyl
ether) was added to a 30 mL flask and cooled to 0 °C. Then a
(S)-1 solution (0.53 g, 1.58 mmol, in 3.5 mL of THF) was added
dropwise in 15 min. After reacting for 2 h, the product mixture
was poured into 100 mL of phosphate buffer solution (pH )
7), extracted with diethyl ether, and washed with water for
three times, followed by drying over MgSO4. Evaporating the
solvent gave a viscous colorless liquid comprising of almost 5
(0.66 g, ∼100%). Small amounts of 1-(1-naphthyl)diphenyl-2-
hydroxydimethylethane (5′) and some oligomers were also
formed which were not removed for the structure analysis. 1H
NMR: δ 0.25 and 0.26 (two s, 3 H, each SiCH3), 0.80-0.84
(m, 2 H), 1.21-1.25 (m, 2 H), 2.30 (s, 1 H, Si(NpPh)OH), 7.30-
8.09 (m, 17 H, Np and Ph). 13C NMR: δ - 3.78 and - 3.74
(two SiCH3), 7.01 and 8.01 (Si(NpPh)CH2CH2Si(Me2)), 125.05-

139.00 (Np and Ph). 29Si NMR: δ -1.61 (Si(NpPh)OH), -0.89
(Si(CH3)2Ph). IR (neat): ν 3367 (υSiOH), 3068-2792, 1506, 1427,
1249, 1113 cm-1.

Synthesis of Poly[{1-(1-naphthyl)-1-phenyl-3,3-di-
methyldisiloxane-1,3-diyl}ethylene] (3a-j) (Scheme 2).
The procedure for synthesizing 3a is given as a typical exam-
ple. In a 5 mL flask under anhydrous argon atmosphere were
added (S)-1 (1.02 g, 3.05 mmol) and anhydrous THF (2.29 mL,
2.04 g) and cooled to 0 °C, and then PhLi (0.051 mmol, 54.3
µL of 0.94 M solution in cyclohexane-diethyl ether) was added.
After reacting for 67 h, a small amount of dilute HCl solution
was added to stop the reaction. Reprecipitation from CHCl3

into methanol afforded a white polymeric material 3a (yield
93%). SEC: Mn ) 11 300, Mw/Mn ) 1.12. 1H NMR: -0.33 to
0.05 (m, 6 H, SiCH3), 0.30-0.50 (br, 2 H, CH2CH2Si(CH3)2),
0.85-1.18 (br, 2 H, CH2CH2Si(CH3)2), 6.93-8.14 (br, 12 H, Np
and Ph). 13C NMR: δ -0.56 and -0.43 (Si(CH3)2), 7.72 (CH2-
CH2Si(CH3)2), 9.52 (CH2CH2Si(CH3)2), 124.93, 125.37, 125.57,
127.72, 128.70, 128.79, 129.36, 130.35, 133.34, 134.09, 134.64,
134.71, 135.25, 136.92, and 137.80 (Np and Ph). 29Si NMR: δ
-10.7, 10.4. IR (neat): ν 3068-2874, 1254, 1066 (υSiOSi) cm-1.
[R]25

D ) -8.5° (c 1.21, 1,4-dioxane).
3b-j were prepared similarly to 3a (refer to Table 1).

Results and Discussion
Synthesis and Characterization of (S)-1. Synthe-

sis. Hydrosilylation of (1S)-1-(1-naphthyl)-1-phenyl-1-
vinyl-3,3-dimethyl-3-hydro-1,3-disiloxane ((S)-NPVD-
MDS) under neat bulk conditions gave mainly three
products: the cyclic monomer (S)-1, the cyclic dimer (S)-
2, and the polymer (S)-3 (Scheme 1), in the yields of
26.3%, 35.9%, and 37.8%, respectively.11 To obtain a
higher yield of cyclic products, reaction conditions
preferable for intramolecular reaction must be chosen.

Scheme 1

Scheme 2

Macromolecules, Vol. 32, No. 3, 1999 Optically Active Bifunctional Disiloxane 549



Since the dilution of the reaction system should favor
the intramolecular reaction, xylene was used as a
solvent (xylene/(S)-NPVDMDS ) 9/1 (wt)). In the case
of initial mixing of (S)-NPVDMDS, catalyst, and the
solvent, the yield of (S)-1 increased steadily from 35.4%
to 53.1% as the reaction temperature increased from 30
to 80 °C. Temperatures higher than 80 °C, however, did
not further enhance the yield of (S)-1. To keep the
concentration of (S)-NPVDMDS in the reaction system
at a low level, a solution of (S)-NPVDMDS (xylene/(S)-
NPVDMDS ) 3/1 (wt)) was added slowly to a flask
containing the catalyst solution (2.1 × 10-5 M Pt-
DVTMDS in xylene) for 18 h and then reacted for
another 18 h. In this manner, as high as 74.3% yield of
(S)-1 was obtained.

Characterization and Determination of the Optical
Purity of (S)-1. The assignment of (S)-1 was made
mainly on the basis of the 1H-1H and 1H-13C COSY,
NOE, and DEPT NMR results. The chemical shifts in
the 29Si NMR spectrum are appreciably higher (5.0 and
27.1 ppm) than those of the corresponding polymer (S)-3
(-10.7 and 10.4 ppm),11 reflecting the highly strained
structure of this cyclic compound. This effect is also
observed in the IR spectrum, which showed a much
lower ≡SiOSi≡ stretching band at 914 cm-1 than that
of the polymer (S)-3 (1066 cm-1).

The optical purity of (S)-1 was determined by analyz-
ing the optical purity of its reduced product (R)-4
(Scheme 1). Figure 2 presents the results of the HPLC
analysis on an optically active stationary phase, indicat-
ing that (R)-4 is 98.2% ee, and consequently the optical
purity of (S)-1 is 98.2% ee or higher.

Anionic Ring-Opening Polymerization of (S)-1.
Polymerization. According to Suryanarayana,8 the in-
frared absorption frequency of the ≡SiOSi≡ unit cor-
relates to the strain energy. In the case of the methyl-
and/or phenyl-substituted five-membered cyclic carbo-
disiloxanes, the IR absorption of the ≡SiOSi≡ unit
ranged from 910 to 924 cm-1, and the strain energy was
estimated to be 8-12 kcal/mol.7 As mentioned above,
the cyclic monomer (S)-1 shows an IR absorption of the
≡SiOSi≡ unit at 914 cm-1 and hence is supposed to
have a similar strain energy. Polymerization of (S)-1
was carried out in THF using PhLi, sodium methoxide
(MeONa), and potassium tert-butoxide (t-BuOK) as
initiators (Scheme 2 and Table 1). PhLi and MeONa
afforded rather high yields (87-96%) of polymers with
narrow molecular weight distributions (Mw/Mn ) 1.12-
1.21) (3a-i). On the other hand, polymerization utilizing

t-BuOK (3j) showed very different characteristics. At
the early stage (after 10 min) of the polymerization, the
yield and the molecular weight of polymer formed were
high (yield 81%, Mn ) 10 800 (by SEC)), but after
reacting for 24 h, both the yield and the molecular
weight of the obtained polymer decreased significantly
(yield 27%, Mn ) 4400 (by SEC)). The SEC trace of the
products of 3j during the polymerization clearly revealed
this tendency (Figure 3). This result and the following
29Si NMR analysis indicated that a chain scission
reaction occurred on the polymer chains both intramo-
lecularly (backbiting) and intermolecularly, very similar
to the case of the anionic polymerization of ε-caprolac-
tone using t-BuOK as an initiator.13 That is, at the early
stages of the polymerization, the chain propagation and
the chain scission proceeded simultaneously, and the
propagation is faster than the chain scission. When most
of the monomer is consumed, the chain scission became
predominant, and the high molecular weight linear
polymer chains were cleaved into lower molecular
weight cyclic polymers (the structures of these polymers
were proven by 29Si NMR and IR analysis and will be
discussed in the next section) and stable cyclic oligo-
mers. The major components of the cyclic oligomers were
supposed to be the cyclic dimer according to the MS (m/
e: 669 (M + 1), 591 (M - Ph), 541 (M - Np)), SEC (Mw/
Mn ) 1.04), and IR analyses, although their NMR
spectra are too complicated to allow a determination of
their stereochemical structures.

Table 1. Anionic Ring-Opening Polymerization of (S)-1 and (rac)-1 in THF Solutiona

Mn

polymer monomer time yield, % by SEC (Mw/Mn)b by 29Si NMRc from yieldd H-T, %e [R]25
D

f

3a (S) 67 h 93 11300 (1.12) 20800 18700 98.7 -8.0 (c 1.62)
3b 24 h 87 5900 (1.15) 7800 8700 98.7 -8.5 (c 1.61)
3c 15 h 92 6800 (1.14) 8800 9200 97.6 -8.3 (c 1.56)
3d (rac) 92 4400 (1.19) 6200 9200 98.0
3e 20% (S) + 80% (rac) 93 6000 (1.19) -1.3 (c 1.67)
3f 40% (S) + 60% (rac) 96 4700 (1.20) -2.9 (c 1.61)
3g 60% (S) + 40% (rac) 96 4500 (1.21) -4.3 (c 1.58)
3h 80% (S) + 20% (rac) 96 4600 (1.20) -5.8 (c 1.55)
3i (rac) 89 4700 (1.20) 3900 8900 89.4
3j (S) 10 min 81 10800 (2.60) g g 79.2 -6.6 (c 1.18)

24 h 27 4400 (1.48) g g 61.4 -0.7 (c 1.14)
a [M]0 ) 0.92 mol/L; [I] ) 0.015 (3a), 0.031 mol/L (3b-j); initiator: PhLi (3a-h), MeONa (3i), t-BuOK (3j); T ) 0 °C (3a,b), 20 °C

(3c-j). b Polystyrene standard. c Calculated from the integral ratio of overall Si(NpPh) and chain end Si(NpPh)OH in 29Si NMR spectra.
d Calculated from polymer yields and monomer/initiator ratios. e H-T, % ) H-T/(H-T + H-H + T-T) ) A/(A + B) × 100, where A and
B are the integral area of â- and â′-silicon atoms estimated by 29Si NMR, respectively (see Figures 4 and 5). f In 1,4-dioxane. g Inapplicable
for containing cyclic structures.

Figure 2. HPLC chromatograms performed on an optically
active stationary phase (flow rate 0.6 mL/min, column tem-
perature 35 °C, eluent n-hexane11): (a) (R)-4 and (b) (rac)-4.
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Regioselectivity and Mechanism of Polymerization.
The attack of a nucleophile could possibly occur on the
Si(Me)2 or Si(NpPh) of (S)-1, which would thus result
in the production of 5 and 5′ in the initiation step
(Scheme 2) and the possible formation of three kinds of
disiloxane linkage, i.e., the head-to-tail (H-T), head-
to-head (H-H), and tail-to-tail (T-T) structures in the
propagation step (shown in Figure 4). To clarify the
initiation step of the polymerization, (S)-1 was reacted
with excess PhLi, and an initial product mixture of 5
and 5′ was obtained. The two major peaks at -1.2 and
-0.9 ppm in Figure 5a are assigned to be the Si(NpPh)-
OH and SiMe2Ph of 5, respectively, referring to the
chemical shift of the model compound 7 (Table 2) and
to the fact that when the initiator was changed to
MeONa, the peak at lower field disappeared, while the

peak at higher field remained (refer to Figure 5c). A
very small peak at 18.5 ppm in Figure 5a is considered
to be the Si(Me)2OH of 5′, judging from the chemical
shifts of the model compounds 6, 10, and 11 in Table 2.
The integral ratio of Si(NpPh)OH and Si(Me)2OH is
about 92/8. Therefore, it can be concluded that the
initiation step of the polymerization using PhLi as an
initiator is highly regioselective; i.e., PhLi predomi-
nantly attacked the silicon atom of Si(Me)2 rather than
the Si(NpPh).

In the 29Si NMR spectrum of polymer 3a prepared
by using PhLi (Figure 5b), the major signals at -10.7
and 10.4 ppm can be undoubtedly assigned to the H-T
structure by reference to the known structure of (S)-3.
Clarification of the minor peaks at -8.4, -1.9, -1.2, and
8.1 ppm is also important because these peaks may
reveal the structural sequence of this polymer and the
mechanism of polymerization. The two peaks at -1.9
and -1.2 ppm of polymer 3a clearly correspond to the
peaks at -1.2 and -0.9 ppm of the initial product 5
(Figure 5a) and are therefore assigned to be the chain
end Si(NpPh)OH and the initial terminal SiMe2Ph,
respectively. Because there is no visible chain end,
Si(Me)2OH, in polymer 3a (Figure 5b), the propagation

Figure 3. SEC trace of polymerization products of 3j.

Figure 4. Possible sequence structures of polymer 3.

Figure 5. 29Si NMR spectra of (a) the mixture of 5 and 5′, (b)
3a, and (c) 3i.

Table 2. 29Si NMR Chemical Shifts of Some Silicon
Compounds

compound
chemical shift,

ppm

Me3SiOH (6) 16.5
MeNpPhSiOH (7)14 -0.9
Me3SiOSiMe3 (8) 7.3
MeNpPhSiOSiPhNpMe (9)14 -8.4
HO{Si(Me)2(CH2)6Si(Me)2O}nH (10)15a SiOH, 18.0;

SiOSi, 7.3
HO{Si(Me)2C2H4C6F12C2H4Si(Me)2O}nH (11)15b SiOH, 17.5;

SiOSi, 8.4
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step of the polymerization seems to proceed highly
regioselectively to give the Si(NpPh)OH chain end.

Based on the model compounds 8-11 (in Table 2), the
peaks at -8.4 and 8.1 ppm of 3a were ascribed to the
H-H and T-T structure, respectively. Consequently,
the H-T content of 3a is calculated to be 98.7%. The
results of polymerization under other reaction conditions
are calculated in the same way and also summarized
in Table 1. Apparently, the countercation of the initiator
influences the H-T content of the polymer formed
greatly, following the order Li+ (3c, 97.6%) > Na+ (3i,
89.4%) > K+ (3j, 79.2% (at 10 min)), and a lower
polymerization temperature leads to a higher H-T
content, e.g., in the case of Li+, 0 °C, 98.7% (3a) > 20
°C, 97.6% (3c).

The calculated Mn of 3a based on the 29Si NMR
spectrum is about 20 800, which is quite consistent
with the value calculated from the monomer/initiator
ratio and the polymer yield (Mn ) 18 700), and the
results obtained for other polymers prepared by using
PhLi, 3b-d, also showed good agreement (Table 1).
This is evidence for the linear structure of these
polymers and also indicates that the Mn estimated by
SEC using a polystyrene standard (Table 1) is lower
than the real value. In the case of 3i prepared by using
MeONa, however, the Mn calculated by 29Si NMR (3900)
is much lower than the calculated value from the
polymer yield (8900) and even lower than the SEC result
(4700). This might be explained by considering that the
amount of the Si(NpPh)OH may be overestimated since
the signal of the initial terminal of this polymer may
appear at the same position as that of the chain end
Si(NpPh)OH.

Polymer 3j prepared by using t-BuOK is quite differ-
ent from the polymers prepared by using PhLi or
MeONa. Ten minutes after the start of the polymeri-
zation (Figure 6a), the polymer formed exhibited a small
signal due to Si(NpPh)OH at -1.9 ppm, which reflected
the linear part of this polymer; after 24 h (Figure 6b),
however, the peak of the chain end Si(NpPh)OH had
disappeared (the IR spectrum (Figure 7) also showed
almost no ≡SiOH absorption), suggesting the formation
of cyclic structures. It is noticed that the H-T structure
of polymer 3j decreased from 79.2% to 61.4% (Table 1)
as the polymerization time was increased from 10 min
to 24 h. These facts indicate that the chain scission and
the chain recombination caused by the rather active
species ≡SiO-K+ occurred in the later stages of the

polymerization, which resulted in the redistribution of
the polymer chains and thus a less ordered structure.

The Stereoregularity and Optical Activity of the
Polymers. As discussed above, in the polymerization
using PhLi as an initiator, the propagating anion ≡SiO-

attacked the achiral silicon atom Si(Me)2 regioselec-
tively, such that the absolute configuration of the
asymmetric silicon atom of Si(NpPh) would be highly
retained. Figure 8 shows the 13C NMR spectrum of the
Si(CH3)2 region of 3a, along with those of (S)-3 obtained
by hydrosilylation and 3d prepared from (rac)-1, for
comparison. As reported in the previous paper,11 the
methyl groups on the Si(CH3)2 of (S)-3, functioning as
a stereochemical probe, can provide information about
the stereoregularity of this polymer. 3a (Figure 8a) is
similar to (S)-3 (Figure 8b) but showed more clearly
separated two peaks at -0.579 and -0.427 ppm, indi-
cating its unambiguously high stereoregularity (isotac-
ticity). On the other hand, 3d (Figure 8c) showed three
peaks at -0.579, -0.504, and -0.427 ppm, a typical
atactic pattern, as expected.

The polymers 3a-c showed an optical rotation which
ranged from [R]25

D ) - 8.0 to -8.5° (in 1,4-dioxane);

Figure 6. 29Si NMR spectra of 3j (a) after 10 min and (b)
after 24 h.

Figure 7. IR spectrum of 3j (after 24 h).

Figure 8. 13C NMR spectra of the Si(CH3)2 region of (a) 3a,
(b) (S)-3, and (c) 3d.
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these values, however, are not only different in magni-
tude but also opposite in sign to that of polymer (S)-3
([R]25

D ) +2.6° (c 1.88, in 1,4-dioxane)). The absolute
configurations of the asymmetric silicon atoms in poly-
mer 3a and (S)-3 should have the same (S)-form
according to their polymerization mechanisms, and
hence they should show optical rotations with the same
sign. To investigate this phenomenon, a series of
polymers 3f-i were prepared from the combination of
(S)-1 and racemic (rac)-1 (listed in Table 1). The optical
rotations of these polymers are almost in direct propor-
tion to the percentage of (S)-1 incorporated. This po-
lymerization showed no obvious preference for one of
the two isomers of the monomer (the atactic polymer
3d was obtained from the racemic monomer, Figure 8c),
and the CD spectrum of 3a showed no evidence of any
preferred conformation. Thus, the different signs of the
optical rotation of 3a and (S)-3 are not considered due
to their different conformations. Since the molecular
weight of (S)-3 was quite low (Mn ) 2900, estimated by
SEC with a polystyrene standard), the effect of the
terminal units in (S)-3, which possibly display a plus
rotation, cannot be neglected and may result in the plus
sign of the optical rotation of this polymer. Therefore,
the optical rotation [R]25

D ) -8.5° (c 1.21, 1,4-dioxane)
found for 3a, with its rather high molecular weight (Mn
) 20 800, calculated from the 29Si NMR spectrum) may
approximate the genuine value of the internal repeating
units of this isotactic polymer. It is noticed that, when
t-BuOK was used as an initiator (3j), the polymer
formed at the early stages (after 10 min) showed an
optical rotation of [R]25

D ) -6.6° (c 1.18, 1,4-dioxane),
while the polymer obtained after 24 h displayed a quite
small value of [R]25

D ) -0.7° (c 1.14, 1,4-dioxane). The
fact that racemization occurred at the later stages of
the polymerization also proves the existence of the chain
scission and the chain recombination reactions in the
case of using t-BuOK as an initiator.

Conclusion
Optically pure (S)-2-(1-naphthyl)-2-phenyl-5,5-di-

methyl-1-oxa-2,5-disilacyclopentane ((S)-1) was synthe-
sized via intramolecular hydrosilylation in good yield.
Anionic ROP of this cyclic compound was achieved
successfully. When t-BuOK was used as an initiator, a
significant degree of chain scission occurred, which
resulted in the formation of the racemized low molecular
weight cyclic polymer and cyclic dimers. On the other
hand, polymerization using PhLi not only afforded a
high yield of the linear polymer with a controlled
molecular weight and a rather narrow molecular weight
distribution but is also highly regioselective, conferring
on the resulting polymer a high isotacticity and a high
optical purity.
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